Study Hypothesis: Hypotensive protocol consisted of oral labetalol pre-medication and low-dose intraoperative (I0) labetalol infusion can improve surgical outcome of open abdominal myomectomy (OAM) than JO tourniquet compression.
Introduction
Uterine fibroids are common benign neoplasms with a higher prevalence (1) . Uterine fibroids can significantly impact a woman's health, fertility, and quality of life (2) . Fibroids can cause abnormal uterine bleeding, pelvic pressure manifestations, low back pain, or discovered incidentally (1) . When surgery is indicated; the gold standard in uterine-sparing surgery is myomectomy (2) , but intraoperative bleeding is still a challenge (2) as it can necessitate emergency blood transfusion if excessive or was life-threatening (3).
Numerous medical and surgical techniques were tried to minimize potentially significant blood loss during myomectomies (4) . Preparation using gonadotropin-releasing hormone analogues for 3-month treatment prior to myomectomy (5) or prophylactic tranexiemic acid treatment were tried to reduce operative bleeding during abdominal myomectomy (0. Hypotensive anesthesia allowed significant decrease of blood loss without compromising vital organ perfusion (7) and subsequently reduces transfusion requirements and minimizes allogenic transfusions risks (8) .
Labetalol is a combined (3-and al -adrenoceptors antagonist (9) . Oral labetalol is readily absorbed in man (10) with a peak plasma level was achieved after 2.5-minute and 20-120 minutes after intravenous and oral administration, respectively (11) peak effect within 1-4 hr after oral intake (8) .
Hypothesis
Hypotensive protocol consisted of oral labetalol pre-medication and low-dose intraoperative (JO) labetalol infusion can improve surgical outcome of open abdominal myomectomy (OAM) than JO tourniquet compression.
Objectives
Evaluation of surgical outcome in the form of JO and postoperative (PO) bleeding, field visibility and frequency of blood transfusion in women undergoing OAM
Design
Prospective comparative study
Setting
University and Insurance hospitals, Tanta and Benha, Egypt
Patients & Methods
After approval of the protocol of the study by the Local Ethical Committee, women required OAM and signed patients' consent were enrolled in the study. Exclusion criteria included presence of multiple myomas necessitating hysterectomy, gynecological malignancy, cardiac, renal, hepatic diseases, or history of coagulopathy. All patients underwent full history taking, general examination, complete gynecological examination, transvaginal ultrasonography (TVU) and underwent routine laboratory investigations including complete blood count. Women with hemoglobin concentration of <7 gm/dl received preoperative blood transfusion to adjusted Hb. Conc. of >8 gm/di Patients who fulfilled inclusion criteria were allocated into two equal study using sealed envelopes as a method for randomization; envelops included title of the group and were prepared by an assistant who is blinded about the anesthetic procedure. Control group included patients received normotensive anesthesia with application of uterine tourniquet as a modality for bleeding control and Study group included patients received hypotensive anesthesia.
Hypotensive protocol
Baseline hemodynamic variables of study group patients were determined and patients were asked to swallow one labetalol tablet (Trandate, 200 mg tablets, Agzakhana, Egypt) two hours prior to surgery and were transferred to theater while they were maintained in supine position and preoperative heart rate (HR) and mean arterial pressure (MAP) were determined non-invasively. Labetalol infusion was prepared by clinical pharmacists to provide 0.2 mg/kg/hr infusion rate (12) . Labetalol infusion was started after induction of anesthesia and tracheal intubation, and its rate was adjusted to provide a target MAP of about 60 mmHg ('') but not exceeding the recommended safe maximal dose of 300 mg on occasion of infusion (14) .
Anesthetic procedure
Patients of control group were premedicated by midazolam 0.02 mg/kg. Induction of anesthesia using propofol (2 mg/kg), fentanyl (1-2 ug/kg), and rocuronium (0.6 mg/kg), and was maintained with sevoflurane inhalation, and fentanyl and rocuronium were given according to patient's physiological reaction to surgical stimuli. Lungs were ventilated with 100% 02 in air through semi-2. Anesthetic outcome included closed circle system for a tidal volume of 6-8 ml/ kg. Patients were continuously non-invasively monitored for MAP and HR.
Surgical procedure
Myomectomy was performed as described previously by Rock & Jones (15) through a Pfannenstiel incision. For patients of control group, a Foley catheter or red rubber catheter was passed through the windows made bilaterally in the broad ligament at the level of the internal cervical os around the cervix and then was tightened with a clamp to constrict uterine vessels. Then, vascular clamps were applied to the utero-ovarian ligaments (16) .
Study outcome

Surgical outcome included
• Operative time, intraoperative (JO) blood loss and frequency and amount of blood transfusion.
• Surgical field bleeding and subsequently its visibility was graded using 6-point scale: 0= no bleeding, 1=slight bleeding not necessitating evacuation, 2-slight bleeding that sometimes needed to be evacuated, 3= low bleeding as judged by infrequent use of suction to improve field visibility, 4=average bleeding, blood needed frequent evacuation and operative field is visible only right after evacuation and 5=high bleeding requiring continuous suction to allow field visibilty 07).
• Failure of the applied hypotensive procedure was defined as the requirement to apply tourniquet and/or vascular clamps to control bleeding and allow field visibility.
• Amount of IO urine output.
• Hemoglobin deficit was calculated as the preoperative minus PO hemoglobin concentration.
• Frequency of PO complications especially hematoma formation.
• Surgeons' satisfaction by the applied hypotensive anesthesia was graded as satisfactory, good and dissatisfactory according to field visibility scoring and the requirement of tourniquet application to control bleeding.
• The efficacy of pre-medication by oral labetalol on blunting of pressor reflexes during tracheal intubation as judged by hemodynamic changes in relation to preoperative measures.
• The efficacy of labetalol infusion to adjust intraoperative hemodynamic parameters as judged by non-invasive determinations every 10 minutes till end of myoma excision.
• The efficacy of labetalol on blunting of pressor reflexes during tracheal extubation as judged by HR and MAP changes in relation to measures at end of myoma excision.
• The efficacy of the received labetalol medications (preoperative oral and I0 infusion) on postoperative (PO) course as judged by changes of HR and MAP measures at 1-, 2-, 4-, 6-, and 8-hr PO in relation to baseline measures.
Statistical analysis
Sample size of >40 patients per group was determined to be sufficient to detect a difference at the 5% significance level and give the trial 80% power as calculated according to Kraemer 
Results
One-hundred and fifteen patients presented with manifestations of myoma disease were assessed for enrolment; 29 patients were excluded and 86 patients were eligible for randomization (Fig. 1) . Enrolled patients were of mean age of 37.6±8; range: and body mass index of 29.5±2.4; range: kg/m2 with non-significant (p>0.05) difference between patients of both groups. Twenty-four patients (27.9%) required preoperative blood transfusion for correction of anemia.
All surgeries were conducted uneventfully; however, despite of the controlled hypotension, 3 patients (7%) in study group required tourniquet application for control of bleeding that was unacceptable by the surgeon. These three cases were considered as failure of the applied hypotensive procedure to control JO bleeding down to a level satisfying the surgeon. Mean field visibility score was non-significantly (p>0.05) higher in study patients with non-significantly (p>0.05) higher frequency of patients among high scores. Operative time, amount of blood loss during surgery and need for transfusion were significantly (p<0.05) lower. However, the amount of intraoperative urine output was significantly (p<0.05) higher in patients of study group than controls (Table 1) .
Oral labetalol induced significant (p<0.05) decrease of hemodynamic parameters determined preoperatively compared to baseline measures and to measures of patients of control group. In patients of control group; induction of anesthesia and tracheal intubation increased HR and MAP measures significantly (p<0.05) compared to baseline and preoperative measures, while in patients of study group, the difference was nonsignificant (p>0.05) in comparison to preoperative measures but were significantly (p<0.05) lower than baseline measures with significant (p<0.05) difference versus measures of patients in control group.
During labetolol infusion (time of myoma excision), hemodynamic measures of patients in study group showed non-significant (p>0.05) difference and were significantly (p<0.05) lower than the corresponding measures in patients of control group. On contrary, in control group, HR and MAP measures showed fluctuations with significant (p<0.05) differences till end of myomectomy.
At time of extubation, HR and MAP were significantly (p<0.05) elevated in control patients, but non-significantly (p>0.05) elevated in study patients compared to measures recorded at time of end of myomectomy with significantly (p<0.05) higher measures in control versus study patients.
Postoperative hemodynamic measures were nonsignificant (p>0.05) different compared to both baseline and preoperative measures of control patients. On the other hand, hemodynamic measures estimated after surgery in study patients were significantly (p<0.05) lower than their baseline measures and to corresponding measures of controls till 6-hr PO. At 8-hr PO, hemodynamic measures were non-significantly lower on comparison to baseline measures and to that of control patients (Table 2) .
Estimated hemoglobin concentration after surgery was significantly lower in all studied patients in comparison to their baseline levels with nonsignificant difference between patients of both groups. However, the deficit in hemoglobin concentration was significantly lower in patients of study versus control groups. Times till 1st ambulation and oral intake were non-significantly (p>0.05) longer in control versus study patients. Seventy-eight (90.7) patients passed smooth immediate PO course free of complications and were discharged after mean duration of 25±8; range: 15-48 hr with non-significant difference between both groups. Six patients developed PO bleeding; 5 control and one study patients with significantly (p=0.035) lower frequency among study patients. Four patients developed intramural hematoma and two developed minimal pelvic collection detected on TVU. Fortunately, all cases were managed conservatively and only one control patient required blood transfusion for management of concomitant lower hemoglobin concertation. Another two patients; one in each group, developed wound infection that responded to wound cleaning, frequent dressing and extensive antibiotic therapy. These eight patients had stayed in hospital for a mean duration of 3±0.8; 2-4 days. Total duration of hospitalization was significantly (p=0.020) longer in control patients. Surgeons found hypotensive anesthesia for OAM was satisfactory in 33 patients, good in 7 patients and dissatisfactory in 3 patients with non-significantly (p>0.05) higher satisfaction by hypotensive anesthesia than tourniquet hemostasis (Table 3) .
Discussion
Open abdominal myomectomy is still the most frequently applied uterus preserving management for myoma disease especially in under-developed countries for its lower overall expenses (19) and possibility of achieving total or near-total fibroid clearance in the majority of patients (20) . Moreover, multiple studies reported no difference in the rate of complications or recurrence after open versus laparoscopic resection (21'22) and concerning fertility preservation versus hystroscopic resection (23).
The current study tried to improve surgical outcome of open myomectomy through application of hypotensive anesthesia using simple cheap approach consisted of oral preparation and JO infusion of labetalol to reduce intraand postoperative bleeding which is the still documented (24) complication of open abdominal myomectomy.
Tourniquet application was used to achieve hemostasis in control patients; however, the amount of I0 bleeding, transfusion requirement and hemoglobin deficit were significantly higher in control versus study patients. These findings indicated that the use of hypotensive anesthesia to reduce 10 bleeding override the use of compression tourniquet. After infusion discontinuation, field visibility was better than after release of tourniquet, thus allowing perfect hemostasis within shorter time than after release of tourniquet and this was reflected as significantly shorter operative time in study versus control patients. This can be attributed to the long elimination half-life of labetalol that can extend for 5-8 hours (10) thus allowing maintenance of MAP significantly lower compared to control group. Such explanation could be also applied for the reported lower frequency of postoperative bleeding in study versus control group. The reported data go in hand with that previously documented in literature concerning the impact of hypotensive anesthesia on blood loss during surgery with subsequent improvement of surgical field visibility (25, 26, 27) .
Intraoperative MAP measurements showed nonsignificant differences throughout duration of myomectomy in patients of the study groups and were significantly lower that corresponding measure in patients of control group; thus illustrating the proper hemodynamic control of labetalol infusion hemodynamic alterations induced by surgical manipulation. In line with the use of labetalol infusion for maintenance of low IO blood pressure, Jeong et al. (28) reported a significant reduction of mean arterial pressure of patients received both sevoflurane and labetalol compared to those received sevoflurane only. Moreover, Hadavi et al. (29) and El-Shmaa et al. (30) assured the effectiveness and safety of both labetalol and nitroglycerine infusions for controlled hypotension during rhinoplastic (29) and sinus endoscopic surgery (30) . In support of efficacy of I0 labetalol, El-Shmaa et al. (30) documented that labetalol infusion is more beneficial for providing mild hypotension with optimum operative condition, decreased surgical bleeding and less tachycardia during the surgery. Furthermore, the reported hemodynamic control of the applied protocol of hypotensive anesthesia coincided and superseded that previously reported by the authors (31) on comparison this hypotensive protocol versus placebo infusion given to control group who received neither hypotensive anesthesia nor intraoperative tourniquet.
Moreover, the beneficial effects of using oral labetalol pre-medication on hemodynamic variables evaluated preoperatively and after both induction of anesthesia and intubation, go in hand with that previously reported in literature concerning labetalol premedication and intraoperative use (32, 33 ' 34) . To our knowledge, this is the first trial using oral labetalol for preoperative preparation whenever deliberate hypotension is required. However, the obtained results supported that previously documented, regarding the use of oral 13-blockers for preoperative preparation, by Apipan & Rummasak (35) Amr & Amin (36' 37) and Kim et al. (38) who reported that premedication with oral propranolol (35) , oral atenolol (36, 37) or oral enalapril (38) before hypotensive anesthesia effectively allowed heart rate reduction with decreased amount of blood loss that allowed better quality of surgical field and reduction of amount of blood transfusion.
Estimated blood pressure measures immediately after surgery and at two hours later were significantly lower in patients received hypotensive protocol than their baseline measures and control measures determined synchronously. These data indicated that labetalol allowed proper emergence from anesthesia that was maintained postoperatively and coincided with that previously reported versus nicardipine (31), esmolol (39) or placebo (31' 49). Moreover, Sirivanasandha et al. (41) documented that labetalol is a good alternative drug to control hypertensive response during emergence from anesthesia for post-craniotomy.
Conclusion
Hypotensive anesthesia protocol consisted of preoperative oral labetalol and intraoperative labetalol infusion significantly reduced hemodynamic measures with an action extended to the immediate PO period versus classic IO tourniquet compression. Proper hemodynamic control significantly reduced open myomectomy associated bleeding complications, improved field visibility and so allowed perfect hemostasis within significantly shorter operative time than with tourniquet control of bleeding.
